A prospective randomized study was undertaken on elderly patients undergoing intraocular, predominantly cataract, surgery to compare the intraoperative, recovery and postoperative features associated with general anaesthesia employing either the spontaneous (SV) or controlled ventilation (IPPV) techniques of respiration using isojlurane, nitrous oxide and a constant Fi0 2 of 0.33. SV patients received isojlurane 0.97% (mean). IPPV patients were intubated with atracurium alone, and received isojlurane 0.60% (mean). Heart rates were lower intraoperatively with IPPV, and blood pressures were lower with Sv. Intraocular pressure measurement identified three subgroups of patients within each respiratory group: a large subgroup (70% of Sv, 64% of IPPV patients) with a high-normal initial mean intraocular pressure which fell intraoperatively; a small subgroup (25% of Sv, 24% of IPPV patients) with a low normal initial mean intraocular pressure which rose intraoperatively; and a small subgroup (5% of SVand 11% of IPPV patients) in whom the intraocular pressure remained unchanged. A satisfactory operative field was reported by surgeons in 87% of SV and in 86% of IPPV patients. SV patients had a lower mean endoperative Sa02 than IPPV patients (SV 95.0%; IPPV 96.7%), and were extubated sooner at the end of anaesthesia. In the recovery ward the times to awakening, vomiting incidences, analgesic usages and recovery times were similar, and patients were similarly rest/ul. Pos/operatively, the incidences of vomiting, headache, fever, sore throat and myalgia were similar, but SV patients required more analgesia for headache. We conclude that both techniques properly performed are similarly satisfactory for cataract surgery in elderly patients.
The SV technique usually involves the use of suxamethonium for intubation. This causes a potentially undesirable rise in lOP (of about 7 mmHg, which is maximal at two to four minutes but abates at six minutes!!), postoperative muscle pains, and the use of high concentrations of a volatile inhalational agent. The latter may lead to respiratory depression, elevation of P a co 2 , elevation of the lOP, and hypotension 3 • All are important considerations when selecting the method of respiration for patients undergoing routine intraocular surgery.
Isoflurane is becoming the most popular volatile inhalational agent!2. As there appears to have been no direct examination of the intraoperative, recovery and postoperative effects of the SV versus IPPV technique of general anaesthesia using isoflurane in elderly patients undergoing intraocular surgery, a prospective study was undertaken to rationalize the choice of respiratory technique in these patients, many of whom are receiving treatment for concurrent medical problems. The factors considered important were: 1. intraoperative effects on cardiovascular stability, lOP, arterial oxygen saturation (Sa02), and the operative surgical field; 2. during recovery, effects on vomiting and on recovery time, and 3. postoperative effects on delayed vomiting, analgesic requirements, headache, sore throat, postoperative pyrexia and postoperative myalgia.
METHOD
With Hospital Ethics Committee approval and informed consent, one hundred and eighteen consecutive ASA Grade I and II patients presenting for routine intraocular surgery under general anaesthesia were randomly assigned to breathe spontaneously, or to be ventilated. No account was taken of patients' age, weight or general health. Many of the patients were undergoing treatment for diabetes, hypertension and ischaemic heart disease.
Premedication comprised diazepam (0.14 mg.kg-I ) and metoclopramide (0.14 mg.kg-I) given orally two hours preoperatively. In the operating theatre, following the application of ECG, Dinamap and oximeter leads, venous cannulation and preoxygenation, anaesthesia was commenced in the patients in the SV group with atracurium (0.07 mg.kg-I ), to reduce suxamethonium muscle pains, thiopentone (4 mg.kg-I ), suxamethonium (1.5 mg.kg-I ), morphine (0.1 mg.kg-I ) and prochlorperazine (0.1 mg.kg-I1l). The patients in the IPPV group were induced with thiopentone (4 mg.kg-I ), morphine (0.1 mg.kg-I ), prochlorperazine (0.1 mg.kg-I ) and atracurium (0.6 mg.kg-I ). In both groups the patients' lungs were then ventilated with nitrous oxide (67070), oxygen and isoflurane (SV, 1%; IPPV, 0.5%) by mask for 60 to 90 seconds, after which the larynx was sprayed with lignocaine 10% (1 puff per 10 kg body weight) and the trachea intubated with a cuffed Mallinckrodt endotracheal tube. In the SV group, anaesthesia was maintained with isoflurane (0.5 to 2.0%) in nitrous oxide (67%) and oxygen (33%). In the IPPV group, anaesthesia was maintained with isoflurane 0.4% to 0.6%1" nitrous oxide (67%) and oxygen (33%), with mechanical control of respiration at a respiratory rate (RR) of 6 to 12 breaths/min, a tidal volume (Vt) of 10 ml.kg -I, an inspiratory: expiratory (I: E) ratio of 1:3 and an endtidal carbon dioxide concentration [EtC0 2 ] of 4-5.5 kPa. The circle absorber circuit was used with both techniques. During surgery a heart rate of less than 50 bpm was corrected with intravenous atropine. Hypotension was considered significant and to require correction with ephedrine if the systolic arterial pressure fell to below 80% of the pre-induction level. At the end of anaesthesia residual relaxant was reversed with neostigmine and atropine. Crystalloid fluids were infused intravenously during surgery (10 ml.kg-I.hr-I ), and were continued postoperatively (1.5 ml.kg-I.hr-I) until oral fluids were tolerated. Paracetamol and pethidine were prescribed for postoperative pain and prochlorperazine for emesis.
During surgery respiratory parameters, end tidal carbon dioxide concentration, inspired oxygen concentration (Fi0 2 ) and inspired and expired isoflurane concentrations were monitored using the Ohmeda Modulus Anaesthesia System. The Schioetz Tonometer was used to record intraocular pressure in the eye not to be operated on in all patients, but only the recordings in those with normal non-operated eyes were used to assess changes in lOP. Eyes were considered normal if they were not glaucomatous or infected, had no corneal scarring, were not blind and had not undergone surgery previously. Monitoring of the ECG, blood pressure and oxygen saturation was re-commenced in the recovery ward.
Prior to induction baseline observations of heart rate (HR), systolic (SAP), diastolic (OAP) and mean (MAP) arterial pressures were recorded. Five minutes after induction, following the re-establishment of spontaneous respiration in the SV group or institution of controlled ventilation in the IPPV group, HR and MAP were again recorded, and the lOP was measured by an ophthalmologist with the operating table in the horizontal position. Following the lOP measurement, the table was tilted to a 10° head-up position. HR and MAP were then recorded at ten-minute intervals. At the end of surgery, prior to the reversal of residual relaxant and discontinuation of both inhalational anaesthetic agents, the cardiovascular (HR, SAP, OAP, MAP), pulmonary (RR, Vt, FGF, EtC0 2 , Fi-iso(isoflurane), Sa02) and ocular (lOP» parameters were again recorded (with the table still in the headup position), as was the duration of surgery. Following the discontinuation of the anaesthetic agents (in both groups) and administration of neostigmine and atropine (to the IPPV group), note was made of the time to extubation and of the surgeon's rating of the operative field as satisfactory or unsatisfactory (with reasons for any field described as unsatisfactory).
In the recovery ward all patients received oxygen by facemask, were nursed in the lateral position until awake and monitoring was continued. Vomiting, antiemetic and analgesic requirement were noted. The latter were administered according to an objective restlessness-pain score developed in this hospital environment where Arabic-speaking patients recovering from anaesthesia are nursed by English-speaking British and Filipino nurses. Using this score, in the absence of hypoxia, confusion, hypo-or hypertension, patients were graded from 0 to 3 (0= restful, pain-free; 1 = mild restlessness, mild pain not requiring analgesia; 2 = moderate restlessness, moderate pain, requiring intravenous (IV) analgesia; 3 = severe restlessness, severe pain, requiring IV analgesia and physical restraint). The awakening time (to eye-opening on command), respiratory depression and the time spent in the recovery ward were recorded. Respiratory depression was considered present in those admitted with an endotracheal tube in situ, or who were non-rousable with a bradypnoea of less than 8 breaths/min, or who required an analeptic opioid antagonist to stimulate respiration. Patients were discharged from the recovery ward when conscious, able to give their names on request, and had stable vital signs.
Further observations were made in the surgical ward. Nursing staff recorded details of vomiting (onset and severityl'), analgesic requirements and oral temperature four hourly. On the day following surgery one of the investigators (conversant in Arabic) collected the data sheets and reviewed drug, temperature, fluid balance and nursing records. Patients were also interviewed with regard to headache, sore throat and myalgia. The latter was assessed by the patients on a verbal analog scale of from 0 to 3.
Data was analysed using the Chi-squared, Student's t and the Mann Whitney U tests (paired and unpaired) with a 0.05 significance level. For illustrative purposes the restlessness of patients during recovery and the rating of postoperative myalgia by patients in the surgical ward are presented in the tables as the means of these scores. These data were compared using the Mann Whitney U test as appropriate. The numbers of recordings required resulted in occasional omissions. Accordingly, the number of recordings differs from the number of patients in some of the tables. Finally, we note that the application of the eye dressing at the end of surgery is associated with a tachycardia and an increase in blood pressure. Accordingly, we compared the pre-induction value of these variables with those occurring during surgery until the sixtieth intraoperative minute, and discounted the end of surgery values of these parameters.
RESULTS
One hundred and eighteen patients were studied. Of these, 60 breathed spontaneously and 58 had controlled ventilation anaesthesia. All were middle-aged to elderly and most underwent cataract extraction with the implantation of an intraocular lens. The two groups were comparable for number, sex, age, weight, duration of anaesthesia and type of surgery (Table 1 ). Of those who breathed spontaneously, 50 had no intercurrent illness, eight were diabetic, two were hypertensive, two had ischaemic heart disease and six a combination of those pathologies. Of those whose ventilation was controlled, 40 had no systemic illness, nine were diabetic, three were hypertensive, one had ischaemic heart disease and five had a combination of these diseases.
A slowing of heart rate occurred in both groups during anaesthesia, but only reached significance in those undergoing IPPV. A significant fall in blood pressure occurred in both groups, but was more pronounced in those breathing spontaneously. Three SV patients required atropine to correct bradycardia of less than 50 bpm. Of these, two patients had no intercurrent illness, while the other suffered from a combination of diabetes and ischaemic heart disease. Two IPPV patients, one with no intercurrent disease, the other receiving a beta-blocking drug for the treatment of hypertension, required both atropine and ephedrine to correct bradycardia and hypotension.
Forty of the SV and forty-five of the IPPV patients had normal non-operated eyes. In two of the SV patients the end-operative lOP was inadvertently not recorded. The lOP recordings of two IPPV patients were discounted as these patients were given mannitol intraoperatively to treat an increase in choroidal volume. Otherwise, of the patients with normal eyes, between group comparisons of the mean lOPs, as recorded at five minutes post-induction and at the end of surgery, were similar. In both groups a significant fall in the overall mean lOP occurred from the start to the end of surgery ( Table 2) .
The lOP measurements identified three similar subgroups of patients in each of the two study groups. With both techniques, in the two smallest subgroups the mean lOPs remained unchanged from the start to the end of surgery, in two larger subgroups the mean Oata given as N=number, percentage; OOS=duration of surgery; MAP = mean arterial pressure; IOP=intraocular pressure lOPs rose during surgery, whilst in the two largest subgroups the mean lOPs fell between the start and end of surgery. These subgroups were comparable in all respects except that, irrespective of the mode of respiration, those in whom a rise in the mean lOP occurred had a low post-induction mean lOP, and those in whom a fall in mean lOP occurred had a high post-induction mean lOP ( Table 3 ).
The operative field was described as satisfactory in 820/0 of the SV and in 88% of the IPPV patients. In both of these groups a significant fall in the mean lOP occurred, with SV from 18.3 (SO 4.7) to 1l.7 (SO 4.3) mmHg, and with IPPV from 15.4 (SO 5.5) to 10.8 (SO 4.1) mmHg.
In 10 (18%) of the SV patients the operative field was described as unsatisfactory. Of these, in four patients the eye was too soW 6 • In these, a fall in mean lOP from l3.0 (SO 5.6) mmHg to 7.9 (SO l.9) mmHg was observed. The other six patients displayed one or other of the manifestations of an increase in choroidal volume (positive vitreous pressure, iris prolapse, vitreous prolapse, choroidal effusion or expUlsive haemorrhage). Of these, the mean lOP in two patients rose and in four patients it fell.
Similarly, the operative fields in seven (12%) patients in the IPPV group were described as unsatisfactory. Of these, one patient, in whom the lOP fell from l3.4 mmHg to 12.2 mmHg, had an eye regarded as too soft. The other six patients displayed features of an increase in choroidal volume. Of these, two patients showed a rise in mean lOP from 10.4 to l3.8 mmHg, two patients displayed a fall in mean lOP from 14.6 mmHg to 12.6 mmHg, and two patients were given mannitol intraoperatively to treat vitreous prolapse. In the latter, the initial mean lOP was 10.9 mmHg and the end-operative mean lOP was 6.7 mmHg (Table 4 ).
There were very significant differences in the respiratory parameters between the groups at the end of surgery. The SV group had a higher respiratory rate, a smaller tidal volume, a higher EtC0 2 , and a lower mean Sa02' However, the SV patients were extubated significantly more quickly (Thble 5). Vomiting and recovery characteristics in the recovery ward showed no differences between the groups.
In the first 24 hour post-surgical period the vomiting, antiemetic drug usage and analgesic drug requirement were similar. In the SV group, analgesics were required significantly sooner and were more frequently required for headache ( Table 7) .
The incidences of postoperative headache, sore throat and myalgia were similar, as was body temperature (Table 8 ). 
DISCUSSION
The question of SV versus IPPV in elderly patients, especially those undergoing intraocular surgery, is contentious. Popular and published opinion favours the cardiovascular respiratory stability produced by normocapnic controlled ventilation 3 • However, others recommend SV in elderly patients to avoid the problems associated with IPPV of, " ... death from disconnection, awareness and barotrauma" 17,18. Our findings show that SV using isoflurane (with a mean Fi-iso 0.97(70) induces hypotension (by up to 30% of the pre-induction mean MAP) during anaesthesia, but that IPPV (with a mean Fi-iso of 0.60%), also induces a significant, but lesser, hypotension (by up to 21 % of Surgical ward: postoperative headache, sore throat, myalgia and maximum temperature the pre-induction mean MAP). SV was also associated with a statistically, but not clinically, significantly lower Sa02 of 95OJo compared with that of 96.7OJo seen with IPPV, and with a higher EtC0 2 . No perioperative morbidity appeared directly to result from these differences despite the advanced age of the SV patients and their relatively long duration of anaesthesia (70 minutes). The Schioetz Tonometer is a quick and accurate instrument for recording IOP'921. It has been demonstrated that lOP measurements recorded in the nonoperated eye on two occasions only, following the establishment of anaesthesia and at the end of anaesthesia, are very likely to be indicative of the lOP which pertains during anaesthesia and surgery·. We based our choice of tonometer and schedule of lOP recordings on previous experience with the device!", and on the latter premise. The lOP was reduced during the course of anaesthesia in this study with both respiratory techniques in a similar majority of patients, despite the higher mean end-operative EtC0 2 in the SV group. This suggests that the effects on lOP of carbon dioxide are offset to some extent by isoflurane, as is suggested for halothane. In both groups, however, three subgroups of patients were identifiable: large subgroups in whom the mean lOPs fell, smaller subgroups in whom the mean lOPs rose and smallest subgroups in whom the mean lOPs remained unchanged during anaesthesia. Analysis of these subgroups revealed significant differences only in the initial mean lOPs in those in whom the mean lOP rose or fell during anaesthesia. Those in whom the lOP fell tended to have a high-normal initial mean lOP, and those in whom the mean lOP rose tended to have a low-normal initial mean lOP. This observation confirms similar findings using halothane 9 and suggests that the initial lOP may be used to predict whether the lOP will rise or fall during anaesthesia, irrespective of the technique of respiration. The surgeon is the ultimate judge of the quality of the surgical field in relation to an anaesthetic technique. Accordingly, the surgeon's assessment of the operative field was canvassed, as has been done before 22 • Though it has been stated that "to assume that the intraocular pressure is synonymous with intraoperative operating conditions is a misleading oversimplification" 23, this does not appear to be true for isoflurane in those patients in whom the lOP fell. In this study no surgical complaint of any of the manifestations of an increase in choroidal volume (iris prolapse, vitreous bulge, vitreous prolapse, choroidal effusion, expulsive haemorrhage) were made in any of the SV or IPPV patients in whom the lOP fell intraoperatively. However, in those six patients with each technique of respiration in whom surgeons complained of the effects of an increase in choroidal volume, a rise in the mean lOP only occurred in two (33OJo) patients of each group. These observations suggest that, with isoflurane, both techniques of respiration usually produce a fall in the lOP which is accompanied by good operating conditions in the majority of patients. Conversely, however, they also reveal that the infrequent surgical report of a poor operating field is not necessarily associated with a rise in lOP.
A high and perplexing incidence of unsatisfactory operating conditions, or of a rise in the lOP during anaesthesia, have been reported with both the SV and IPPV techniques of general anaesthesia. With IPPV it occurs in 20-25070 of patients anaesthetized using enflurane 22 , trichlorethylene 24 , halothane 9 . 2 \ or nitrous oxide and vecuronium 26 and, using halothane with SV, it occurs in 11% of patients9. Since lOP is related to central venous pressure (CVP)26.28, and CVP to IPPV, the positive intrathoracic pressure generated during inspiration with IPPV may be responsible for these rises in lOP. The greater number of patients in the SV group in whom the lOP was too Iow may also support this contention and be related to the negative intrathoracic pressure generated during spontaneous inspiration.
The resumption of spontaneous respiration after antagonism of residual neuromuscular blockade may be delayed with IPPV3. The deeper level of anaesthesia required with SV to avoid coughing or straining on the endotracheal tube may prolong recovery from anaesthesia with SV29. A delay to extubation was observed in the IPPV group. However, this delay was only of the order of about two minutes. The mean overall time spent by patients in the theatre suite was otherwise similar for both modes of respiration (100.7 min for SC and 100.0 min for IPPV) indicating no practical time-saving advantage of either technique when isoflurane is used.
A smooth post-anaesthetic recovery with a minimum of restlessness and vomiting are desirable following intraocular surgery30. A similar degree of restfulness and sedation in the recovery ward followed both techniques of respiration. It is surprising that SV patients, having had a greater Fi-isoflurane and having been anaesthetized to a deeper plane of anaesthesia, did not manifest a greater postoperative sedation. This may simply indicate how quickly patients rouse following isoflurane anaesthesia. The greater need by SV patients for analgesia to treat headache in the postoperative period may indicate a more severe form of headache in these patients, which may be due to a greater cerebral vasodilation related both to the higher [Fi-iso] and a higher end-operative [EtC0 2 ] recorded in this group. The absence of significant myalgia in the elderly patients given suxamethonium in this study may indicate either that post-suxamethonium pains are indeed infrequent in the elderly31, or that the atracurium pretreatment given was effective in preventing myalgia.
In conclusion, it appears that SV and IPPV anaesthesia using isoflurane induce similar changes in lOP and provide clinically similar, safe and satisfactory intraoperative conditions in elderly patients undergoing intraocular surgery. This may be contrary to popular opinion which favours IPPV, but may be reassuring to practitioners where IPPV facilities are scarce. The tendency to more severe hypotension, to arterial oxygen desaturation, and, possibly, to a more severe headache in the postoperative period in those breathing spontaneously suggests that IPPV may be the preferred technique.
